The study cohort comprised 14.9 million individuals. Data on occupational history were obtained from national censuses. Standardized incidence ratios (SIRs) were calculated for each occupation.
Introduction
Upper tract urothelial carcinoma is a rare malignancy that is not included as a separate entity in reports from national cancer registries. Little is known about the epidemiology of this disease. While data on ureteral cancers are included in the group 'other cancers', data on tumours of the renal pelvis are usually presented together with data on kidney tumours.
According to the International Agency for Research on Cancer (IARC), carcinogenic agents with sufficient evidence in humans that can be associated with malignancies of the renal pelvis are tobacco smoking, plants containing aristolochic acid, phenacetin and analgesic mixtures containing phenacetin [1] . Additionally, the IARC has recognized aristolochic acid as an agent connected with a higher risk of developing the disease, with limited evidence in humans.
Much research in recent years has focused on occupational exposures and risk of cancer, but few publications on this issue have been devoted to malignancies of the renal pelvis [2, 3] . Moreover, the data presented in previous papers are limited and statistically insignificant. By contrast, new publications on urothelial cancers of the lower urinary tract have emerged [4] . There remains a need, therefore, for further research in the field of occupational exposures and risk of tumours of the renal pelvis.
The aim of the present study was to describe the occupational variation in the incidence of malignant neoplasm of the renal pelvis in the population of the Nordic countries.
Materials and Methods
Data on occupation (exposure) were collected during population censuses handled in the period . All individuals aged 30-64 years at the time of any of the censuses composed the population of the NOCCA study. Respective national statistical offices were responsible for compiling data from questionnaires, digitalization, and central coding by unique personal identity codes. The original national occupation codes were converted to a standard Nordic classification, NYK, which is an adaptation of the International Standard Classification of Occupations from 1958. The classification includes 53 specific professional groups and an extra additional category of economically inactive persons. The ratios of observed to expected number of cases, denoted as standardized incidence ratios (SIRs), were calculated for each of the professional groups, based on the first occupation noted in the census at time of entry into the study population. The national incidence rates were used as a reference. The 95% confidence intervals (CI) were calculated assuming the Poisson distribution. Occupational categories with SIRs ≥1.15 and ≤0.85 were further stratified by year of diagnosis, age at follow-up, sex and country. Although SIR calculations were based on 5-year categories of both calendar periods and age, we have here combined the results into 15-year periods (1961-1975; 1976-1990; and 1991-2005) , and broad age groups (30-49, 50-69, and ≥70 years). A Poisson regression trend test was conducted to assess the significance of time trends of the SIRs. Statistical analysis was performed with Stata/IC 15.0 for Mac (StataCorp LP, College Station, TX, USA).
Results
The NOCCA dataset was assembled with the data of 14.9 million individuals, contributing to a total of 385 million person-years of observation until the end of the follow-up. The population comprised the 6.8 million entities from Sweden, 3.4 million from Finland, 2.6 from Norway, 2.0 million from Denmark, and 0.1 million from Iceland. Within this cohort, 11 237 cases of malignancy of the renal pelvis were identified (4 505 among women and 6 732 among men).
The highest (≥1.15) statistically significant SIRs for malignancy of the renal pelvis for both genders combined were found in seamen (1. An ascending trend in SIRs over the whole period of the follow-up was found among public safety workers (Table 2) . A descending tendency in the SIR was observed among food workers and packers. Statistically significantly elevated SIRs were observed among printers and transport workers, in professional categories stratified by age at the time of diagnosis (Table 3) . A significant decline in SIRs was found in food workers and packers.
When stratified by sex, the highest SIRs were observed in seamen (1.51, 95% CI 1.23-1.82), and clerical workers (1.19, (Table 4 ). All 95% CIs, calculated for both sexes separately, overlapped. The lowest SIRs were found in forestry workers (0.48, 95% CI 0.36-0.62) in men, and gardeners (0.66, 95% CI 0.50-0.86) in women. No significant differences in SIRs were observed when stratified by country (Table 5) .
Discussion
In the present study, the highest risk of developing malignant neoplasms of the renal pelvis was observed among seamen, printers, welders, public safety workers, packers, textile workers, painters, transport workers, clerical workers, electrical workers and food workers. The lowest risk was found in forestry workers, gardeners and woodworkers. The above pattern is similar to that reported for cancer of the urinary bladder [4] ; however, a more substantial relative excess was observed in malignancy of the renal pelvis.
The professional group characterized by the most significant risk of tumours of the renal pelvis were seamen (SIR 1.51, 95% CI 1.23-1.82). This group included both sailors working on deck and in engine rooms [5] . Similarly, other studies conducted on the NOCCA population reported an increased risk of developing kidney [5] and urinary bladder [4] tumours in this occupational group. The risk may be associated with increased exposure to asbestos fibres, which are gradually released from pipes, gaskets and other insulating materials, along with ship movements [6] . Moreover, high exposure to asbestos was observed among marine employees performing all conservation works [7] . Asbestos has not been recognized by the IARC as a carcinogen associated with an increased risk of malignancy of the renal pelvis [1] .
Printers were another group in which we observed a significantly increased risk of renal pelvis cancer (SIR 1.39, 95% CI 1.11-1.71). According to the previously adopted definition, the group included people who composed type, cast and engraved printing plates and operated printing presses to print text and illustrations, that is, setters, nontextile printers and bookbinders [5] . Similar results were observed for urinary bladder tumours [4] ; however, for the same occupational group in the same population, the risk of malignancies of the kidney (excluding the renal pelvis) was not significantly increased (unpublished). This finding may be related to the different histological composition of the above anatomical structures. In contrast to the kidney, urothelial epithelium dominates in the renal pelvis as well as in the urinary bladder. Printers are exposed to inks and solvent fumes. Elevated concentration of many polycyclic aromatic hydrocarbons, including benzo[a]pyrene, has also been reported in the atmosphere of rotary letterpress machine rooms [8, 9] . While the printing process was recognized by the IARC as a carcinogenic agent with limited evidence in humans regarding kidney and urinary bladder malignancies, it is still not recognized as a carcinogen associated with renal pelvis malignancy [1] .
Welders were characterized by the third highest SIR (1.37, 95% CI 1.03-1.78). This professional group included people who join and cut metal parts using flame, electric arc and other sources of heat to melt and cut or fuse metal. The Danish welders were included in another occupational category, mechanic workers. Similar SIRs in the group of welders were obtained for malignancies of the kidney, excluding the renal pelvis (unpublished), but a lower SIR was observed for bladder tumours [4] . Welders are exposed to solid aerosols of hexavalent chromium and nickel, generated from elemental compounds [10] . Elevated cadmium levels in the urine were also reported in this group [11] . Furthermore, rodents exposed to ARC-stainless steel welding fumes have Public safety workers were another group in which we observed an elevated SIR (1.35, 95% CI 1.12-1.62). The category included people who protect individuals and property against hazards and enforce the law, that is, firefighters, police officers, detectives, customs officers and security guards [5] . Similar SIRs were observed for kidney (unpublished) and urinary bladder tumours [4] . Volatile organic compounds and polycyclic aromatic hydrocarbons are known occupational exposures in this professional category [13] [14] [15] [16] [17] . Exposures to asbestos, hydrogen chloride and cyanide were also reported in this category [18] . None of these compounds has been recognized by the IARC as a factor associated with the increased risk of cancer of the renal pelvis [1] .
Because there is limited research on the topic of occupational exposure and risk of malignancy of the renal pelvis, it is not possible to compare our results with the current literature. To our knowledge, this is the first study on the relationship between occupational affiliation and risk of renal pelvis cancer characterized by such a large study population and based on data from the entire population.
The main strengths of the present study include the large sample size, the large number of cases of cancer of the renal pelvis and the completeness of their registration. Linkage based on unique personal identity numbers and accuracy of occupational coding are additional key advantages of this research. The lack of consideration of tobacco smoking as a potential confounding factor is a limitation of the study, while exposure to other recognized carcinogens associated with renal pelvis tumours, namely, aristolochic acid and phenacetin, are so rare that they could be considered irrelevant in the present study.
In conclusion, the results of the present study suggest that there is an association between occupation and risk of malignancy of the renal pelvis. Additional studies that take into account the effect of smoking are necessary. Further research should focus on the possible associations between exposure to asbestos, heavy metals and welding fumes and the risk of developing malignancy of the renal pelvis. Table 5 Observed number of cases and standardized incidence ratios of kidney malignancies in Nordic Countries in selected occupational categories, by country. SIR, standardized incidence ratio. *Danish welders were included in the category of mechanic workers (the separate category of welders did not exist).
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